Abstract. We present in situ electrode measurements of sediment resistivity, pore water oxygen, and pore water pH from three stations between 2300 and 3000 m depth on the Ontong-Java Plateau in the western equatorial Pacific. One of these stations is also the site of a concurrent benthic chamber incubation experiment [Jahnke et al., 1994] . The pore water oxygen data and a steady state diffusion and reaction model constrain the depth-dependent rate of oxic respiration in the sediments and imply a diffusive flux of oxygen to the sediments of 10-21 gmol cm -2 yr -1.
*The uncertainty in •C,bw is due to the uncertainty in calculating carbonate ion concentration from the alkalinity (ALK) and dissolved inorganic carbon (DIC) measurements and the uncertainty in the 1-atm calcite solubility product.
Setting
Three stations were occupied on the Ontong-Java Plateau, a topographic high in the western equatorial Pacific (Figure 1 ), on a cruise by the R/V Moana Wave in June of 1991. Two of the stations at --2300 m are spatially separated by less than 1 km, vertically by less than 15 m, and are considered duplicates.
The plateau has high calcite (>70% by dry mass) from 1500 m to nearly 5000 m, and is in a uniformly low productivity portion of the world's oceans [Berger et al., 1987] . This location is ideally suited to address the stated goals because ( 
Methods

In Situ Electrode Measurements
The microelectrode measurements were made in situ by an updated version of the profiler used by Hales et al. [1994] , deployed on a free-vehicle lander. This a substantial improvement over the box-core deployment method followed by Hales et al. [1994] and Archer et al. [1989] , because of decreased wire time and the decreased potential for introducing artifacts associated with taking a core. On each deployment, the profiler was configured with one resistivity, four oxygen, and four pH electrodes. All electrodes used were of the same type as used by Hales et al. [1994] . Electrode measurements were made at 0.25-0.5-cm vertical intervals from a few centimeters above the sediment-water interface to as much as 9 cm below. Each measurement is the average of the last five readings out of a suite of 15 readings made once every 10 s.
The vertical spacing between measurements is known very well; the location of the interface relative to each oxygen and pH electrode was determined from their respective profiles' Each profile included a series of measurements in the overlying water that showed little change as the depth increased. The first measurement that deviated significantly from these was assumed to be below the sediment-water interface, and the location of the interface was determined by interpolation (estimated accuracy is about 20% of the vertical interval or 0.5-1.0 mm). The interface for the resistivity electrode was determined by interpolation as the depth where the resistivity was 10% higher than it was in the bottom water [Archer, 1990] . The interface determined b y measuring the length difference between the resistivity electrod e and each of the others and assuming a fiat seafloor was not systematically different from the above method.
Electrode drift was assessed by making two measurements of each electrode in the overlying water after the profile was completed. If these values differed from those in bottom water prior to entering the sediment by more than 10% (15% for resistivity) of the total change recorded by the electrode, that profile was discarded. Two of the four oxygen electrodes performed acceptably at each station. Hales, unpublished data, 1990). The pH electrodes were calibrated on the ship prior to deployment with pH 7 and p H 8 buffers, made up to the ionic strength of seawater with KC1. The difference between these solutions and seawater may mean there are different liquid junction potentials for the electrodes between the buffers and seawater. This is not a significant error, however, since we are interested in the pH differences between bottom water and pore water (ApH), not the absolute value of the seawater pH. The slope thus determined was corrected for the temperature difference between the laboratory and the bottom water using the Nernst equation. Error bars on each electrode measurement below the interface include the uncertainty due to both short-term variability (i.e., the standard deviation of the five readings of each electrode at each depth) and the uncertainty due to the differences between the measurements in bottom water before and after profiling (i.e., "drift"). Most of the uncertainty derives from the latter.
Bulk Sediment Measurements on Retrieved Cores
Sediment samples were taken from subcores of Soutar box cores at two locations. One set of samples was taken at 2-3-mm resolution over the upper 10 cm of the sediment, and another was taken at =1 cm resolution over the upper 30 cm of the sediment. Both sets of samples were analyzed for particulate organic carbon and total carbon by a Carlo-Erba CHN analyzer. Organic carbon was measured on samples that had been treated with HC1 vapor followed by direct additions of ultrapure HC1 to each sample to remove all solid carbonates [Hedges and Stem, 1984] . Calcium carbonate content was calculated assuming the difference between acid-treated and untreated samples was entirely due to calcium carbonate. Porosity was calculated from measurement of the dry mass of the fine-resolution samples and the salt content of the samples. 
Bottom Water Properties
Pore Water Models
The pore water 02 and p H data were interpreted using onedimensional, steady state mathematical models simulating diffusion and reactions in the sediment. Boundary conditions in all cases were bottom water concentrations at the interface and zero-derivatives at the deepest part of the model. Both models were solved by discretizing the differential equations describing the system and inverting the resulting matrices using a tridiagonal approach [Press et al., 1989 ]. The oxygen model was linear and independent of the pH model, so it could be solved directly. [1982] observed no aragonite in the sediments they collected from the Ontong-Java Plateau at these depths. The only conclusion that can be drawn is that calcite is actively dissolving within the sediments.
Discussion
We interpreted the pore water data by simulating the vertical distributions of oxygen and pH with steady state, one- and (4)) and r l, r 2, r 3, and r4 are adjustable parameters. This expression of Ro2 is similar to that used by Hammond et al., [ 1996] and is slightly more detailed than that used by Hales et al., [ 1994] , who used at most three adjustable parameters, and did not Table 2 , where there are some trends worth noting. In all simulations, most (>70%) of the oxygen consumption is due to the first exponential term in (5), which has a scale depth (1! r2) of 1.7-3.5 mm. This means that most of the CO2 was generated very near the interface. As expected, oxygen fluxes calculated from the model output at station 2B are greater than those at station 2A. This difference is greater than the difference between individual profiles at each station, but is only This means that our estimate of flc,bw has uncertainties of about +14%, which we used to define the practical limits. This assumes that Millero's [1983] pressure dependence is correct; at these depths, the pressure dependence of Ingle [1975] predicts only about a percent higher solubility.
Metabolic CO2 production is linearly proportional to the rate of oxygen consumption:
where B is a stoichiometric constant. At each station there are two estimates of Ro2, determined by the two oxygen profiles at each station (see Table 2 ). As stated previously, the differences The primary goal of the pH modeling exercise was to assess the importance of calcite dissolution driven by metabolic processes relative to that driven by bottom water undersaturation. As a first step, we addressed two simple cases that included no metabolic dissolution of calcite.
These are (1) the "no dissolution" case, where the respiration reaction produces carbonic acid, but no calcium carbonate dissolves (effectively the same as assuming that kd. c is zero), and (2) the "no CO2" case, where the respiration reaction does not produce carbonic acid while consuming oxygen (effectively the same as assuming that 13 is zero), and calcite dissolves only in response to bottom water undersaturation. The range in pH for these two cases is presented in Figure 5 , along with a scenario including metabolic dissolution that provides the best fit to the pH data in the range of input parameters investigated (described below). The two no dissolution curves represent the range of possible solutions given the two different estimates of the oxygen consumption rate at each station and the practical range of 13; the two no CO2 curves represent the range of solutions for the saturation state of the bottom waters given in Table 1 Figure 5 show that, while not perfect, the best fit solutions for the two profiles at station 2A and the profile at station 3 did a good job of describing most of the variation in the data, while the best fit at station 2B did not do nearly as well. We will limit the rest of the analysis to Stas. 2A and 3. Given this "optimum" combination of parameters for each profile, we then adjusted the input parameters away from that optimum until the simulation no longer agreed with the given profile (Figure 7) . The value of ARAD corresponding to these simulations was deemed the maximum allowable deviation from the data.
Simulations with ARAD less than or equal this value fit the data better than the dashed lines in Figure 7 and were accepted as reasonable approximations of the data; those with greater ARAD values fell outside the dashed lines in Figure 7 and were not accepted as reasonable simulations. The ARAD was tabulated as a function of the model input parameters and plotted in parameter space for each pH profile. Figure 7) ; combinations outside the contour generate model simulations that deviate unacceptably from the observations. The fact that the field of acceptable fit has finite dimensions in k•, c and •C,bw implies that the pH data is capable of constraining both of these parameters more tightly than the predetermined limits discussed above.
Figures 8b and 8c illustrate how the field of acceptable fit moves in this 'k-fl space' in response to changes in Rco 2. Figure  8b demonstrates the effect of variable 13. (For the sake of clarity, this response will not be shown in Figures 8c and 8d .) The dependence on Ro2 is shown in Figure 8c . Note that both estimates of Ro2 and the entire practical range of 13 generate model simulations that agree acceptably with the data within the practical limits of both kd, c and flC,b•, This means that, unlike the dissolution rate parameters, constraints on the respiration rate parameters 13 and Ro2 are not improved over the a priori limits stated above. An additional problem is that we do not know which rate of respiration was more appropriate for this pH profile; therefore we had to use the union (rather than the intersection) of the two fields corresponding to the two estimates of Ro2 as the region of acceptable fit. A consequence of this is that additional estimates of Ro2 can potentially expand the region of acceptable fit, and loosen the constraint a given pH profile has on the dissolution parameters.
Adding a second pH profile does provide further constraint on the field of acceptable fit in k-fl space (Figure 8d) , as the two profiles must have the same value of bottom water saturation. While it is not clear that they must necessarily have the same value of ka, c (e.g., because of spatial heterogeneity in the size distribution, surface area, or mass fraction of the calcite), the requirement of equal flc,•w provided some further constraint on the value of ka, c (Figure 8d) . Taking into account the uncertainties in Rco2, the dissolution rate constant at this station must be between 0.025% and 0.16% d" (Table 3) , and the bottom water saturation ratio with respect to calcite must be between the practical lower limit of 78% (determined previously, see Table  1 ), and a maximum constrained by the data of 81%.
Including the uncertainty in flc,•w caused by uncertainty in the carbonate ion concentration, this upper limit implies that the solubility product at station 2A must be at least 5% greater than the UNESCO [1987] value, which is about equal to the stated uncertainties. It is, however, incompatible with the lower solubility suggested by Mucci [1983] , which implies that the bottom water saturation state can be no lower than 85%. Using the constraints of the pH profiles on these controlling parameters, we quantified the calcite dissolution fluxes. The total dissolution was plotted in parameter space and presented as contours, much as the ARAD. Simply superimposing the field of acceptable fit as determined above over these contours gave the range of dissolution flux constrained by the data. This procedure is illustrated in Figure 9 for station 2A, 13 = 0.55 and 0.77, and oxygen consumption rate 1 from Table 2 .
Note that the field of acceptable fit is essentially parallel to the flux contours in Figure 9 for a given value of 13. This means that the uncertainty in dissolution flux is relatively insensitive to The ranges in all of these quantities include uncertainties related to B and Ro2. The lower limit of •c bw at station 2A is the predetermined limit based on the precision of the measurement of i'fie alkalinity and dissolved inorganic carbon and the uncertainty in the solubility product. The pH observations constrain the upper limit at stations 2A and 3, and the lower limit at station 3. As a result, most of the uncertainty in the implied dissolution flux comes from the uncertainty in 13. Repeating this exercise for both stations and taking into account the ranges in the estimates of 13 and Ro2, yielded the estimates of dissolution summarized in and the lower range of ka. c constrained by the pH data there.
The predicted rate of calcite dissolution corresponds to 20-40% of the calcite rain to these sediments, given the sediment calcite content and independent estimates of the sedimentation rate [Berger and Killingley, 1982] . This is probably a lower bound of the fraction of the rain that is dissolved. For example, if a 1:1 ratio is assumed between the organic carbon and calcite fluxes to the sediment, then our estimates of dissolution correspond to 37-64% of the rain. In either case, dissolution accounts for a significant fraction of the rain to the sediments. Model runs with the same range of bottom-water saturation states and dissolution rate constants as in Table 3 , but without metabolic CO 2 production (i.e., 13 = 0) predict only about 1.2 gmol cm '2 yr 'l of calcite dissolution, implying that metabolic dissolution is responsible for 65-80% of the total.
Conclusions
We find that there is significant calcite dissolution in the sediments of the Ontong-Java Plateau and that the dissolution is driven. primarily by metabolic CO2. Jahnke et al. [1994] concluded from benthic flux, chamber experiments at station 3 that dissolution driven by metabolic CO2 was not as important as previous models had predicted. Fluxes predicted by both methods are summarized in Table 4 Negative signs on the oxygen fluxes indicate that the flux is to the sediment, while the fluxes of calcium and alkalinity are out of the sediment. Calcium fluxes based on the porewater electrode measurements are equal to the total dissolution (Table 3) This dissolution rate corresponds to at least 20-40% of the calcite rain to these sediments. Dissolution driven by CO2 produced by metabolism of organic matter in the sediments accounts for 65-80% of the total; the observed pH data were incompatible with any scenario excluding the effects of metabolically driven dissolution. The predicted oxygen fluxes were in good agreement with fluxes determined at one of these stations by a benthic chamber incubation experiment [Jahnke et al., 1994] ; calcium and alkalinity fluxes corresponding to the calcite dissolution rate predicted by the pore water model were also compatible with the chamber-determined fluxes. Our pore water oxygen profiles demonstrated that the majority of the metabolic CO2 production was very near the interface, which allows a greater fraction to diffuse out of the pore water before it reacts with calcite. The pore waterpH data constrain the calcite dissolution constant to 0.005%-0.16% d 'l, the lowest value of this parameter ever reported. This combination of kinetic parameters drives less dissolution than previous models: our representation of respiration drives about half the metabolic dissolution predicted by simple exponential models of respiration which release CO2 at greater depths in the sediment, for the observed ranges in dissolution rate constant and bottom water saturation state.
